Abstract
Winterfat [ Cerutoides lunara (Pursh) Howell] is one of the most important browse species on the western ranges of North America (Dayton 1931) . This drought resistant, semishrub is found from Saskatchewan and Manitoba to northern Mexico.
During the 19th century, pioneer ranchers in the sagebrush (Artemisiu) grasslands of the far western United States gradually became aware that the shrubs that characterize the landscape were generally not preferred by domestic livestock. Probably many times, independently, ranchers were surprised to discover that winterfat was an exception to this generalization. After the first frost in the autumn cattle were found to relish the herbage of winterfat. Growing in the lower reaches of the sagebrush zone, at the margins of salt desert, winterfat furnished forage for cattle during the winter months (Smith 1900 , Colton 1904 . Late in the 19th century the developing range sheep industry intensified pressure on winterfat stands (Stewart et al. 1940) . As a consequence of consistent overutilization with winter, spring, and summer grazing, many winterfat stands were depleted or nearly eliminated (Stevens et al. 1977) . Many of the depleted winterfat stands were invaded first by Russian thistle [Sulsolu ibericu (Sen and Pau)] and later by halogeton [Hulogeton glomerutus (Bieb.) C.A. Mey] (Robertson and Kennedy 1954, Eckert 1954) .
The need to be able to reestablish winterfat plants on depleted sites by seeding has long been recognized. This need has led to numerous studies of the ecotypic variability, morphology, physiology, and ecology of winter-fat seed production, germination, and seedling establishment (Springfield 1974) . The seed of winterfat consists of an embryonic plant coiled around a dry speck of perisperm within a seedcoat. The seed is enclosed in bracts which form the utricle or fruit. The surface of the bracts is covered with long silky hairs. The presence of these bracts influences the mechanical handling characteristics, germination, and storage life of winterfat seeds (Stevens et al. 1977) . Winterfat seeds require a period of afterripening for optimum germination (Springfield 1972a) . The germination of winterfat seeds is also influenced by seedbed temperatures and moisture stress (Springfield 1968a) . Optimum germination occurs at relatively warm incubation temperatures of 25 to 27°C and exceeds 90% germination over a wide range of temperatures (10 to 27'C) (Springfield 1972b ). Workman and West (1967) found that genetic variability exists among populations of winterfat and that optimum temperatures for germination vary according to inherent differences among these populations. In addition, wide differences in germinability of winterfat seeds have been observed for seeds collected from the same site in different years (Springfield 1968b and 1973 , Moyer and Lang 1976 Various selections of winterfat have been evaluated in terms of their suitability for revegetation of depleted rangeland sites (Reid1 et al. 1958) . A selection identified as Hatch appears promising as a revegetation material (Stevens et al. 1977) . Our purpose was to develop germination profiles in relation to constant and alternating incubation temperatures for commercially available winterfat seeds, seeds of the Hatch winterfat selection, and seeds of Eurasian winterfat.
Materials and Methods
Seeds of Eurasian winterfat were obtained from an irrigated garden located at Reno, Nev., in 1980 and 1981. Winterfat seeds were obtained as samples from commercial lots of seeds collected in northern Utah. Seeds of the Hatch selection of winterfat were obtained from the nursery of the Forest Service, Intermountain Forest and Range Experiment Station, located in Washoe County, Nev.
Seeds were stored in paper bags in the laboratory from harvest until testing 3 to 6 months later. After storage, but before testing, the seeds were threshed from their hairy bracts and cleaned by using an air screen.
Four replications of 25 seeds each were placed on a single layer of germination paper in petri dishes and kept moist with tap water. Seeds were incubated in dark germinators for 4 weeks and germination counts were made at 1, 2, and 4 weeks. Seeds were considered germinated when the embryo completely uncoiled and the hypocotyl arch was raised.
Germination profiles were developed in relation to constant and alternating temperatures. Constant incubation temperatures were 0, 2, 5, 10, 15,20, 25, 30, 35, and 40°C . Alternating temperature regimes consisted of 16 hours at each constant temperature from 0 to 35°C and 8 hours at each higher constant temperature. For example, O°C alternated with all temperatures from 2 through 40°C, whereas 35"C alternated with 40°C only. Fifty-five constant and alternating temperature regimes in all were used in the profiles.
Percent germination in relation to the effects of species and Germination profile characteristics generated from the response surfaces included: mean germination, mean germination of those regimes producing some germination, mean of regimes supporting optimum germination, and maximum germination. Optimum germination was defined as not lower than the maximum germination and its 0.01 probability confidence interval. For each profile, the percent of temperature regimes having germination in the percentile ranges <lo, 10 to 25,26 to 50, 51 to 75,76 to 90, and >90% was enumerated. These percentiles were used to develop germinability indices (Young and Evans 1983) . The indices provided a means for comparing seedlot quality based on germination temperature profiles.
By comparing germination percentiles to generate a single characterization of germinability (Young and Evans 1983) we found the Eurasian winterfat seeds had, overall, very high germinability in 1980 and low germinability in 1981 (Table 1) .
Winterfat
Mean germination of winterfat seeds in relation to the temperature profile was significantly (fiO.01) lower than that observed for Eurasian winter-fat seeds produced in 1980 but with 1981 seeds germination of 2 or 3 sources overlapped with the germination of Eurasian winterfat (Table 1) . Winterfat seeds did not germinate at 30/40 (30°C) for 16 hours and 40°C for 8 hours daily), 35/40, and 40°C (Table 3) .
The germination profiles were subdivided into moderate, colder, warmer, and widely fluctuating seedbed temperatures (Fig. 1) . This breakdown of seedbed temperatures was based on the monitoring of microenvironmental parameters in field seedbeds during the spring germination period (Evans et al. 1970 ).
Results and Discussion

Temperature Profiles Eurasian Winterfat
Seeds of Eurasian winterfat appeared to be as variable in their germination (Table 1) as the native winterfat seeds (Springfield 1968 a and b) . In 1980, the mean germination for the Eurasian winterfat seeds incubated at 55 constant and alternating temperature regimes was 72%. In 198 I, seeds collected from the same plant population and handled during harvest and threshing in a similar manner averaged only 42% germination. The only temperature regime that produced no germination in both years was a constant 40°C (Table 2) . Generally, the temperature regimes that supported some germination, and the number of regimes that supported Fig. 1 . Temperature profile ranges based on field seedbed monitoring.
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Germinability of the 3 commercial sources of winterfat ranged from low to very low. Apparently, quality of winterfat seeds being marketed is very poor.
Hatch Selection of Winterfat
The mean germination of seeds of the Hatch selection of winterfat was statistically (eO.01) equal to or better than other winterfat seed sources tested and was exceeded only by the 1980 source of Eurasian winterfat seeds (Table 1) . Some germination occurred at 95% of the temperature regimes; only the very warm temperatures did not support germination (Table 4) .
Based on the distribution of germination in percentiles, the Hatch seeds were rated as only submoderately germinable (Table  1) .
Frequency of Optimum Temperature Regimes
Temperature regimes that supported optimum germination for Eurasian winterfat, winterfat, and Hatch selections of winterfat seeds occurred over 42% of the profile (Table 5 ). Only 5 regimes: O/ 15, 2/ 15, 2120, 5/ 15, and 5120°C always supported optimum germination for all the material tested. Eurasian winterfat and winterfat seeds overlapped in the temperature regimes that supported optimum germination, but the levels of optimum germination were generally higher for seeds of Eurasian winterfat than for seeds of winterfat. Temperatures for optimum winterfat seeds tended to be colder and seldom occurred with 2OC warm-period temperatures. In contrast, optimum germination of Eurasian winterfat seed did not occur with 2 or 5'C warm-period temperatures and tended to occur at warmer regimes than was observed for winter.
Seedbed Temperatures in Relation to Germination
Numerically, the seeds of Eurasian winterfat produced in 1980 had the highest mean germination in all classes of seedbed temperatures (Table 6) . At moderate and widelyfluctuating seedbed temperatures, the 1980 source of Eurasian winterfat seeds had significantly (FO.01) higher germination than the other sources. The widely fluctuating temperatures are important for small seeds such as winterfat because the seeds must be planted at shallow depths in the seedbed for best emergence. The only source of seeds that had comparable germination to the 1980 Eurasian winterfat seeds was the Hatch selection of winterfat. Inconsistency in germination of Eurasian winterfat seeds from 1980 to 1981, however, suggests a potential problem in the use of that species in revegetation.
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